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Gentlemen : 
OBJECTIVE 
The o b j e c t i v e  of t h i s  program i s  t h e  syn thes i s  and c h a r a c t e r i z a t i o n  
of h i g h l y  f l u o r i n a t e d  h e t e r o c y c l i c  polymer systems s u i t a b l e  f o r  c ryogenic  
b ladder  a p p l i c a t i o n s .  
SUMMARY OF RESULTS 
Melamine-Heterocyclic System 
P a r t  o f  t h i s  per iod was spent  prepar ing  a d d i t i o n a l  q u a n t i t i e s  of t h e  
s t a r t i n g  d i a c i d  f l u o r i d e  of poly(perf luorpropy1ene oxide) I by t h e  s tandard  
r e a c t i o n ,  mentioned i n  t h e  Monthly S t a t u s  L e t t e r  No. 8 ,  between hexaf luoro-  
propylene oxide and p e r f l u o r o g l u t a r y l  f l u o r i d e  w i t h  cesium f l u o r i d e  i n  




Polyperf luoropropylene oxide  
d i - a c i d  f l u o r i d e  I. 
I 
Poly(perf luoropropylene oxide) g lyco l  11. 
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In a continuation of last month's work, diacid-fluoride I was reacted 
in an ansolvous chain extension, self-curing system with melamine-capped 
heterocyclic prepolymer 111 (prepared as shown). 
111. Melamine-capped prepolymer 
The product of the 2:3 reaction of I with 111, after thermal curing in 
a 200'~ press, was an amorphous, heterogeneous mass. Thus, although there 
was definite indication of reaction to form the crosslinked cyanurate 
heterocyclic amide, the product did not appear to be elastomeric. Selected 
extraction techniques failed to significantly improve the physical state of 
the product. The problem here appears to be a small amount of mono-functional 
acid-fluoride terminated polymer contaminating the difunctional material. 
In the absence of a reliable method of assaying mono-functional material, 
we are deferring further pursuit of this system temporarily. If possible, 
a gel-permeation investigation of one of our systems, e.g. glycol I1 (which 
is soluble in THF and Freon-113) by JPL, may prove instructive. Separation 
will still remain a problem, however, in this system. 
Polyimide 'Heterocyclic Systems 
Toward the synthesis of another heterocyclic-extended polymer system 
for cryogenic flexibility investigation, the polyimide synthesis of Meyers,;k 
based on the reaction of a diisocyanate with a tetracarboxylic dianhydride, 
through the isolable intermediacy of the cyclic adduct, was applied to our 
* R. A. Meyers, J. Polymer Sci., A, 186 (1969) 
isocyanate-capped perf luoropolypropyleneoxide bis-urethane prepolymer. Thus 
IV, prepared as shown, was reacted with benzophenone tetracarboxylic di- 
anhydride BTDA, in THF. Gradual mutual dissolution occurred, accompanied 
by formation of a pale yellow-green solution. Isolation of the final 
IV. Isocyanate-capped-poly(perfluorcpropylene oxide)- 
urethane prepolymer (PFPO-DI) 
product, with an anticipated structure V, is currently in progress. It is 
anticipated that gentle warming in a press will effect elimination of the 
C02 to form the final imide extension: 




i [RfO] CF(CF3)CH20-CONH-Ar -N 'co 
V. Imide-extended perfluoropolypropylene-bis- 
urethane 
N-Aminotriazole Heterocyclic Systems 
Efforts this quarter have also focused on the preparation of an ex- 
tended N-aminotriazole heterocyclic elastomer based on a perfluorinated 
polyether. It has been found possible, in a model compound study, to 
effect a reaction between perfluoroglutaryl hydrazide and tetrafluoro-p- 
phenylenediamine. Consumption of both of these reagents in the designated 
stoichiometry indicates the desired heterocyclic model or an open-chain 
precursor to it.   he structure produced, a white solid, represents a 
model perfluorinated N-aminotriazole-crosslinked system when applied to 
the perfluorinated polyether-polyhydrazide extended system (Structure VI). 
VI. EIodel Perfl.uorinated hT- 
aminotriazole Crosslinked 
System 
The hydrazide precursor polymer was prepared by condensation of both 
acid-fluoride-terminated poly(perfluoropropylene oxide), and its derived 
diester, with the corresponding derived acyl hydrazide-terminated poly- 
ether: 
Polyether-acid fluoride I L-ow Temp. V .  
V I I  . ~ ~ ~ b r a z i d e -  t e r m i n a  ted perf luoropolyether 
(RO - -OR) 
As the first cyclyation-crosslink reaction of the polyhydrazide and 
its derived structures (shown in the accompanying general equations), the 
amorphous polyhydrazide was reacted with tetrafluoro-p-phenylenediamine, 
using prepolymer techniques, in crosslinking stoichiometry. The resultant 
prepolymer was press-cured under several different thermal conditions. In 
no case was a "clean" cure effected, although there was definite evidence 
of reaction having taken place. 
As a control, cure was effected on the polyhydrazide-diamine pre- 
. polymer mix (believed to be p-amino-N-acyltriazole, uncrosslinked) using 
chlorotrifluoro-m-phenylene-diisocyanate. The cured film was weak and 
brit t ley unlike h e  excellent elast omeric acylsemicarbazide films obtained 
from this system. 
Because of the low order of nucleophilicity of the tetrafluoro aromatic 
amines, the cure was repeated with anhydrous hydrazine to generate the 
analogous N,N'-bis-triazole crosslinked (hydrogen-free) heterocyclic system 
through the highly reactive diamines. This reaction, shown above, was not 
"clean" either. It is known that N-aminotriazole (the precursor to the 
cured system) heterocycles are formed under pressure conditions analogous 
to our press cures. Both types of triazole systems should be inert and 
nonflammable, if the reactions can be controlled to give exclusively the 
desired heterocycle. 
Highly-Extended-1,3,4-Oxadiazole Heterocycle Precursor Systems 
On limited basis also, efforts have continued in a concerted effort 
to achieve the most extended heterocyclic system. Our efforts to date in- 
dicate clearly that the glass transition temperaturk (or related phenomenon), 
as measured by thennomechanical penetration analysis, decreases with the 
extent of chain extension. The most extended heterocyclic system was pre- 
pared by reaction of the isocyanate-terminated perfluorinated polyether of 
perfluoropropylene oxide with hydrazide-terminated perfluoropolyether, 
followed by thermal cyclization of VIlI in a hot press to yield the amino- 
1,3,4-oxadiazole structure, with biuret curing. 
VIII. Perf luoropolyether-urethane-Polyether  acylsemicarbazide 
This  elastomer f i l m ,  w i th  a  Tg approaching - 1 0 0 ~ ~ ~  was b a r e l y  accept-  
ab l e  i n  terms of s t r e n g t h .  I n  o rde r  t o  prepare  a  supe r io r  product w i t h  
t h e  d e s i r e d  degree of F l e x i b i l i t y ,  a  ba tch  of h igher  M.W. (M.W. > 2000) 
s t a r t i n g  ac id  f luo r ide - t e rmina ted  polymer was obta ined .  
I n  a  modi f ica t ion  of t h e  procedure used t o  prepare  t h e  prepolymer 
f o r  s y n t h e s i s  of t h e  above, namely: 
t h e  hydrazine was rep laced  by an excess  of melamine, t o  prepare t h e  
he te rocycl ic - te rmina ted  I X .  
(CF2)5 2 NH2NH2 .B20 - I 
I X ,  Melamine-amide terminated Polye ther  
Po lye the r - ac id  f l u o r i d e  
The product ,  a f t e r  d i f f i c u l t  removal of t he  excess  melamine, was 
r a t h e r  i l l - d e f i n e d .  It i s  p o s s i b l e  t h a t  r e a c t i o n  was complicated,  o r  
even obvia ted ,  by l a c k  of s o l u b i l i t y  of t h e  melamine i n  t h e  polye ther  
ac id  f l u o r i d e  . 
Low Temp. 
v 
PROGRAM (November E f f o r  t ) 
Next month ' s  e f f o r t s  w i l l  con t i nue  a long  t h e  l i n e s  i n d i c a t e d  above. 
Very t r u l y  you r s ,  
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